INTRODUCTION
With the increase in the incidence of lower-extremity deep vein thrombosis (DVT), interest in May-Thurner syndrome (MTS) accompanying iliac vein compression has also increased. MTS comprises a small proportion of lowerextremity venous disorders [1] , however many left-sided iliofemoral DVT cases exhibit iliac vein spurs resulting from extrinsic compression [2] . In particular, some patients with MTS have inferior vena cava (IVC) thrombosis or thrombosis beyond iliac vein stenosis (TBIVS). IVC thrombosis is rarely seen and reported in patients with lower-extremity DVT [3] . In a report on lower-extremity DVT with IVC thrombus extension, the primary venous patency of IVC thrombosis is reportedly similar to that in lower-extremity DVT alone, while the incidence of post-thrombotic syndrome (PTS) is rather low [4] .
In cases of MTS in which the iliac vein is compressed, the thrombus is generally located within the boundary of the stenotic lesion (Fig. 1A ) [5] . However, in some cases, TBIVS can be observed (Fig. 1B) . This study aimed to identify the different characteristics of MTS with TBIVS and its complications including pulmonary embolism (PE) and PTS compared to those of MTS without TBIVS and reveal the anatomical features that induce MTS with TBIVS.
MATERIALS AND METHODS
This retrospective review of the medical records was approved by the Ilsan Baik Hospital Institutional Review Board (IRB no. 2018-03-018) with the exemption of written informed consent. Thirty-five patients with DVT and MTS were treated with different interventional modalities, including catheter-directed thrombolysis (CDT), percutaneous mechanical thrombectomy (PMT), and iliac vein stent placement, between March 2012 and February 2016.
Twenty-two females and 13 males fulfilled the inclusion criteria. Patients were included if they: i) presented within 3 weeks from the onset of symptoms; ii) demonstrated a >50% reduction in iliac vein diameter on computed tomographic (CT) venography; and iii) were a possible candidate for aggressive treatment, including CDT, PMT, and stent. Patients were excluded if they: i) were advanced cancer patients whose life expectancy was <1 year; ii) did not fulfill the criteria for or agree to undergo aggressive therapy; and iii) showed bilateral involvement of the iliac vein. TBIVS was defined as thrombosis originating from the distal portion of the iliac vein stenosis extended to the IVC. Patients with isolated IVC thrombosis not related to MTS were excluded.
The demographic data (age, sex, and symptom duration), medical history (diabetes, hypertension, smoking habit, use of antithrombotic agents, and bedridden state), CT findings (iliac vein size of stenosis and stenotic ratio compared with the other side), and clinical outcomes PE and PTS were retrospectively collected and reviewed by dividing the patients into groups by TBIVS status. PE was initially evaluated in all cases of DVT with MTS by contrast-enhanced chest enhanced CT at admission and PTS was defined by a Villalta's score ≥5 or the presence of a venous ulcer after 10 months from onset [6] .
MTS was diagnosed using spiral CT venography. Diameter was the maximum anteroposterior length in the axial plane. Diameter ratio was defined as the diameter of the stenotic iliac vein divided by the diameter of the contralateral iliac vein. An examiner (H.J.) assessed for compression of the common iliac vein by scanning in the axial plane (Fig. 2) .
Prophylactic IVC filter placement using the jugular approach was performed on all possible patients, excluding those with chronic components, and the filter was removed within 1 month after placement. This center's policy is to perform IVC filter insertion whenever possible in all patients undergoing iliac vein procedures because of the possibility of PE. No IVC filter was used in patients who were evalu- ated as having chronic thrombosis and did not need PMT.
PMT was performed in all the patients except one with severe chronic thrombi. One patient did not undergo PMT after the confirmation of chronic lesions and many collaterals on venography and CT. Self-expanding stents were mainly used and performance was decided based on the stenosis status. Stents were usually placed when the iliac vein was shown to have >50% stenosis compared with just the distal vein on venography. Overnight antegrade thrombolysis with urokinase through the popliteal sheath was performed for 12 hours if a residual thrombus was observed. Low-molecular-weight heparin (enoxaparin) at 1 mg/kg twice daily for 3-5 days was administered subcutaneously for DVT starting at admission. Thereafter, an oral factor Xa inhibitor (rivaroxaban) was administered for 6 months at an initial dosage of 15 mg twice daily during the first 3 weeks and was later increased to 20 mg once daily. Because the continuous variables were not normally distributed, the Mann-Whitney U-test was used to compare the means. The χ 2 test was used to examine categorical variables. A P-values of <0.05 were considered significant. Multivariate binary logistic regression analysis was used to predict TBIVS.
RESULTS
Among the 35 patients with MTS, 22 were female and 13 were male. Eight patients had TBIVS. All patients presented with leg swelling. The symptom duration was 2-20 days (median, 7 days). Between patients with and those without TBIVS, no statistically significant differences in characteristics, including age, hypertension, body mass index, bedridden state, and cancer history, were found ( Table 1) .
The median diameter of the left common iliac vein, where the stenosis originated, was 4.15 mm (range, 2.0-9.5 mm), whereas the median diameter of the right common iliac vein at the same level was 14.0 mm (range, 9.0-20.0 mm) on the axial plane of CT venography. The mean stenotic ratio of the compressed left common iliac vein to the right common iliac vein was 0.29 (range, 0.21-0.48). The group with TBIVS showed statistically significant greater iliac vein size of stenosis (6.31 mm vs. 3.42 mm, P<0.001) and ratios (0.44±0.11 vs. 0.26±0.12, P=0.001). PE on CT at admission was significantly more prevalent in the group with than in the group without TBIVS (62.5% vs. 14.8%, respectively, P=0.007; Table 2 ). Symptomatic PE, including pulmonary necrosis, was not observed in the patients with PE. In the interventional procedure, no statistically significant intergroup differences were found in the frequency of overnight thrombolysis, PMT, iliac stenting, and IVC filter placement. All patients with TBIVS underwent iliac venous stent placement, whereas 5 without TBIVS did not undergo placement after real venography. A patient without TBIVS had chronic thrombosis on venography and underwent only overnight thrombolysis without PMT and stenting. Immediately after the procedure, the symptoms improved in all cases, and there were no signs of technical failure.
No statistically significant intergroup differences in PTS prevalence were found (25.0% vs. 22.2%, P=0.615; Table  2 ). No cases of recurrent thrombosis within the stent or mortality occurred within the follow-up periods. An MTS patient without TBIVS had an embolic stroke after 2 weeks from onset. In a binary logistic regression analysis of variable predictors of TBIVS, stenosis size was significantly correlated with TBIVS in MTS (P=0.005). 
DISCUSSION
The main symptoms of patients with MTS accompanying iliac vein compression are acute pain and swelling of the lower left extremity [7] . However, they also present symptoms, such as venous claudication, chronic venous insufficiency, lipodermatosclerosis, recurrent superficial venous thrombophlebitis, and PE [1] . For acute DVT, early recanalization is highly important and plays an important role in preventing PTS. In current MTS treatment plans, endovascular therapy, including CDT, PMT, and stent placement, is commonly applied with satisfactory results [8, 9] .
Despite the fact that patients with MTS commonly present with DVT, PE is rarely found in these patients. Few studies have examined the correlation between stenosis extent and PE in patients with MTS. However, Chan et al. [5] claimed that left common iliac vein narrowing protects against symptomatic PE by trapping large emboli, analogous to an IVC filter. In particular, this study reported that significant iliac vein stenosis >70% or <4 mm in luminal diameter have a significantly lower odds of developing symptomatic PE [5] . In MTS, the stenotic lesion prevents the passage of the thrombus into the IVC and thereby lowers the frequency of PE [10] . Only small embolic fragments pass through the stenotic lesion, and these do not lead to symptomatic PE [5] . In this study, severe stenosis of the left iliac vein caused by MTS was associated with a better protective effect against the development of TBIVS. Also, TBIVS was associated with the development of PE at the time of presentation. This study aimed to explain that, depending on the state of the iliac vein stenosis, the state of cephalad migration of the distal thrombus can change beyond preventing a stenotic lesion, thus influencing the development of PE.
Apart from data on MTS with TBIVS, few data are available on IVC thrombosis. IVC thrombosis is rarely seen in patients with lower-extremity DVT [3] . Risk factors of IVC thrombosis are an unretrieved IVC filter, bilateral DVT, iliofemoral DVT, IVC congenital anomaly, severe PTS, and renal cell carcinoma, among others [11] . The mortality rate of IVC thrombosis is reportedly twice higher than that of lowerextremity DVT [4] . Without proper treatment, PTS, PE, and disabling venous claudication, occurring at prevalence rates of 90%, 30%, and 45%, respectively, reportedly develop in patients with IVC thrombosis [12, 13] . MTS with TBIVS and IVC thrombosis may differ pathophysiologically but can be observed as part of IVC thrombosis. This study showed that many patients with MTS and TBIVS presented with PE but are not expected to show high morbidity and mortality rates like those seen in IVC thrombosis.
Here we compared MTS with and MTS without TBIVS. To identify the predictors of TBIVS, binary logistic regression was performed. The greater the stenosis size, the higher the incidence of TBIVS. This study has limitations, including its small sample size and insufficient predictive values in a single center. This study only included patients who underwent an endovascular procedure; thus, it could not represent the entire cohort of patients with MTS. However, unlike general DVT, in MTS due to a structural abnormality, the fact that the iliac vein size of the stenosis has a greater effect on thrombus extension than patient status is important in diagnosis and prognosis. In this study, five patients without TBIVS did not undergo iliac venous stent placement because the stenosis was not severe on venography. We understand TBIVS as the process of thrombus progression and believe that various factors, such as vessel angulation and medical conditions in addition to vessel size are involved in this process.
CONCLUSION
TBIVS may be a different concept from MTS without TBIVS and is a risk factor of PE. Patients with mild iliac vein stenosis in MTS may be more susceptible to TBIVS and require closer monitoring for the occurrence of PE. Patients with MTS require thorough inspections for stenotic size and TBIVS.
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